Abstract: A total of 42 barrows weighing 19.8 ± 1.22 kg were fed seven diets to give six replicates per treatment. The experiment was conducted in a factorial arrangement with factors being (1) two canola meals (CM) types and (2) three phytase levels (0, 500, and 2500 FTU kg −1 ). The basal endogenous phosphorus (P) losses and standardized total tract digestibility (STTD) was calculated using the P-free method. There was no effect of CM types on feed intake and fecal P output, but an interaction effect was observed for P intake (CM × phytase; P < 0.05). Supplementation of phytase (2500 FTU kg
Introduction
Phosphorus (P) maintains skeletal integrity (Weremko et al. 1997; Zyla et al. 2000) in animals. It has become critical to supply optimum levels of dietary P for animals, including pigs because inorganic form of dietary P is relatively costly (Cromwell 1980) , and excessive excretion of P can become a potential for soil contamination (Akinmusire and Adeola 2009) . Oilseed meals such as canola meal (CM) contain a large amount of phytate P (about two-thirds of P) that is poorly available to nonruminant animals such as pig (Eeckhout and De Paepe 1994; Selle and Ravindran 2008) . The formation of phytate complex with other nutrients reduces the bioavailability of amino acids (Heres et al. 2004) , protein, and energy along with minerals such as Ca, Mg, and Zn (Selle and Ravindran 2008) . Due to the cost-associated apprehension with inorganic P, it has become necessary to supplement pigs' diet either with phytase or formulate them on the basis of digestible P (Almeida and Stein 2010) . Phytase is commonly used in pig diets at a standard commercial dose of 500 FTU kg −1 , and most of the feeding research works are carried out using 500-1000 FTU kg −1 . Supplementation beyond 500 FTU kg
can improve utilization of both Ca and P, and reduces excretion of such minerals in pig and poultry (Adeola 1995; Augspurger and Baker 2004; Shirley and Edwards 2003; Kies et al. 2006 ). Higher doses of phytase, including 1500, 2500, 10 000, 12 000, or 25 000 FTU kg −1 , have been used in pig and (or) chicken diet, resulting efficiently in P digestibility as well as in the performance (Shirley and Edwards 2003 , Augspurger and Baker 2004 , Bento et al. 2012 . Compared with the conventional Brassica napus black (BNB) CM, Brassica juncea yellow (BJY) has reasonably lower fiber and antinutritional factors (Simbaya et al. 1995; Slominski et al. 2012) . B. napus CM contains more fiber that limits the energy value than the soybean meal (Bell 1993) . However, there is a dearth of information about the amount of digestible P in both BNB and BJY, and about the effects of adding phytase at or above 500 FTU kg −1 on standardized total tract digestibility (STTD) of P in CM types in pigs. The ultimate objective of this study was to determine the effect of phytase levels (0, 500, and 2500 FTU kg −1 ) on apparent total tract digestibility (ATTD) and STTD of P and ATTD of Ca in BNB and BJY. The hypothesis tested in the present study was that the addition of phytase at a level higher than 500 FTU kg −1 would have further improvement of both ATTD and STTD of P and ATTD of Ca in canola meals from BNB and BJY fed to growing pigs.
Materials and Methods

Experimental animals and housing
All experimental procedures were reviewed and approved by the University of Manitoba Animal Care Committee, and pigs were cared in accordance with the guidelines described by the Canadian Council on Animal Care (CCAC 2009). A total of 42 crossbred barrows [(Yorkshire × Landrace) × Duroc; Genesus Inc., Oakville, MB, Canada] with an average initial BW of 19.8 ± 1.22 kg (mean ± SD) were obtained from University of Manitoba's Glenlea Swine Research Unit and used for the study. Pigs were housed individually in metabolic crates (118 cm × 146 cm) with smooth plexi-glass sides in a temperature-controlled room (21 ± 2°C). An individual feeder and a nipple drinker were used in the study.
Experimental diets and procedure
Canola meal from BNB and BJY were obtained from a local crushing plant at Bunge Canada (Altona, MB, Canada). six cornstarch-based diets consisting of BNB or BJY [with 0, 500, and 2500 FTU kg −1 phytase (Bio-Phytase 5000G, Canadian Bio-Systems, Calgary, AB, Canada)] were formulated (Table 1) . A P-free diet was formulated to determine basal endogenous P loss (EPL) in pigs. Canola meals were the only sources of P, and limestone was added to maintain calculated Ca: total P ratio of 1.2:1 in all diets. No inorganic P was included in the diets, and each test ingredient, therefore, provided all the P in each diet. Experimental diets were supplemented with vitamins and minerals except P to meet the current requirements for growing pigs (NRC 2012) . The experiment was conducted in a completely randomized design to give six replicates per treatment in a factorial arrangement with the factors being (1) two types of CM (BNB and BJY) and (2) three phytase levels (0, 500, and 2500 FTU kg −1 ). The daily amount of feed provided to the pigs was calculated as 2.6 times the estimated requirement for maintenance energy (NRC 2012) based on their body weight at the beginning of experiment. Feed were provided in mash form, divided into equal meals at 0800 and 1600 hours. Pigs were allowed ad libitum access to water throughout the experiment. The duration of the experiment was 14 d with initial 9 d adaptation to the diet, followed by 5 d for separate but total collection of fecal sample. Fecal samples were collected by the total collection method into sealed plastic sample bags once daily in morning for 5 days. Fecal collection screens were fitted under each metabolic crate for collection of feces. Feces were individually weighed per crate and stored at -20°C until required for analysis. To avoid urine contamination in feces, urine was allowed to flow through a urine tray adjusted beneath the individual feces screen. Collection jar was placed under each urine tray, and urine from the individual pig was directed through a funnel to the jar.
Sample preparation and chemical analyses
Fecal samples were dried in a forced air oven at 60°C for 4 d and pooled for each pig and subsampled. Diets, CM, and fecal samples were finely ground through a 1-mm screen in a Thomas Wiley Mill (Thomas model 4 Wiley Mill; Thomas Scientific). Analyses for DM in diets and CM were determined according to Association of Official Analytical Chemists (AOAC 1990; method 934.01). All analyses were performed in duplicates. Canola meal, diet, and fecal samples for Ca and P analyses were ashed at 600°C for 12 hours, digested according to AOAC (1990; method 985.01) procedures and read on a Varian Inductively Coupled Plasma Mass 106 Spectrometer (Varian Inc., Palo Alto, CA). The concentration of phytate-bound P in the two sources of CM was calculated as 28.2% of analyzed phytate (Tran and Sauvant 2004) . Nonphytate P was calculated by subtracting phytate-bound P from total P.
Calculations and statistical analyses
The ATTD of P in the P-containing diets was calculated as described by Petersen and Stein (2006) using the following equation: ; and zinc oxide, 720 mg g −1 .
where ATTD is the apparent total tract digestibility values in (%); P i is the total P intake (g) from d 10 to 14 of the experiment, and P f is the total fecal P output (g) that originated from the feed consumption from d 10 to 14. The ATTD of Ca and DM in all CM-containing diets was calculated as the above equation. Basal EPL was determined using the P-free diet and expressed as dry matter intake (DMI) as outlined by Petersen and Stein (2006) using the following equation:
where EPL basal is the basal endogenous P losses (mg kg −1 DMI); P f is the total fecal P output (g); and F i is the feed intake (g) from d 10 to 14. The STTD of P in each diet was calculated as described previously by Petersen and Stein (2006) using the following equation:
where STTD is the standardized total tract digestibility of P (%).
Treatment effects were evaluated univariately in a mixed-linear model using the PROC GLM procedure of SAS (SAS software release 9.1, SAS Inst., Inc., Cary, NC) as a 2 × 3 factorial arrangement in a completely randomized design with the main effects being two CM types and three levels of phytase (0, 500, and 2500 FTU kg −1 ) and the interaction between CM type and phytase dose. Statistical significance was accepted at P < 0.05. Pairwise comparisons between means were made when appropriate using Fisher's-protected LSD analysis when a significant treatment effect was observed.
Results
All pigs remained healthy and readily consumed their daily ration throughout the experiment. The composition and analyzed nutrient values of experimental diets are shown in Table 1 . Total and phytate P content in BNB and BJY were 10.1 and 6.4 and 10.5 and 6.6 g kg −1
(as-fed basis), respectively (Table 2) . Dry matter content for CM-based diets averaged 925.4 ± 3 g kg −1 for BNB and 924.5 ± 1 g kg −1 for BJY. Crude proteins were 372 and 377 g kg −1 for BNB and BJY, whereas gross energy (GE) in two meals was 22.6 and 23.6 MJ ( Table 2) . Our analyzed values of neutral detergent fiber (NDF) were 232 and 180 g kg −1 for BNB and BJY, respectively. Total calcium content in BNB and BJY were 6.3 and 6.8 g kg −1 , as-fed basis.
Daily feed intake (g) increased from 829.5 to 834.0 and 853.8 for BNB, and from 841.3 to 818.8 and 846.3 for BJY with increasing phytase levels, without any statistical significance in the values. Daily P intake was increased from 17.1 to 17.9 and 19.3 for BNB, and from 20.0 to 17.7 and 17.8 for BJY by addition of both phytase levels (P < 0.05) to the dietary treatments, and there was also an interaction of CM and phytase (P < 0.001) on P intake (Table 3 ). Daily fecal P output (g) reduced from 10.4 to 5.5 and 4.3 in BNB, and from 10.8 to 5.1 to 4.0 in BJY as levels of phytase increased (P < 0.001). The ATTD (%) of P in BNB and BJY increased (P < 0.001) from 39.11 to 69.30, and 77.72 and from 45.74 to 71.43, and 77.86 when phytase was added at 0, 500, and 2500 FTU kg −1 , respectively (Table 3) . However, there was no difference between 500 and 2500 FTU kg −1 in both types of CM. The basal EPL was estimated to be 111.28 ± 35.09 mg kg −1 DMI. The STTD (%) of P increased from 39.76 to 69.92 and 78.29 in BNB, and from 46.29 to 72.06 and 78.48 in BJY when the phytase level was increased (Table 3) . There was no improvement in STTD of P between 500 and 2500 FTU kg −1 in both CM. There was an interaction effect on Ca intake (P < 0.001), but fecal Ca output (g d −1 ) was not affected at all with increasing levels of phytase. The ATTD (%) of Ca in BNB and BJY increased from 57.56 to 74.80 and 73.73 and from 65.72 to 77.93 and 79.55 when phytase was added at 0, 500, and 2500 FTU kg −1 , respectively (Table 3 ). In BJY, there was no difference between ATTD of Ca when phytase was added at 0 or 500 FTU kg −1 (65.72 vs. 77.93). However, the addition of 2500 FTU kg −1 phytase to BJY increased (P < 0.05) the ATTD of Ca (79.55) ( Table 3 ). The ATTD of DM was not influenced at all by either CM or phytase (Table 3) .
Discussion
Total and phytate P, total Ca, and GE in BNB and BJY analyzed from our study were in agreement with the values reported by NRC (2012). The concentration of total P in BNB and BJY analyzed in the present study was close to 13.1 and 9.0 g kg −1 reported in CM by Rodehutscord et al. (1997) and Liu et al. (1998) , respectively. Also, the values for P were similar to 10.6 g kg −1 reported by Seneviratne et al. (2010) and 11.0 g kg −1 reported by 6.4
6.6 Nonphytate P, c g kg
3.7 3.9
a Brassica napus black. b Brassica juncea yellow. c Defined as the calculated difference between total P and phytate P.
Landero et al. (2012) using expeller pressed CM (EPCM).
However, the value of phytate P in our study was higher than a previous study by Akinmusire and Adeola (2009) , where it was 4.3 g kg −1 in CM. Variations in soil composition where the canola was grown may be partly responsible for different levels of phytate P. The variation could be partly attributed to methodology of determination of phytate in CM. The topography (geographical location), processing pattern of oilseed meals, and assay techniques for phytate P can differ its P and other nutrients' content (Selle et al. 2003) .
Our analyzed values for total Ca in BNB and BJY were in close agreement with Landero et al. (2012) for EPCM (6.5 g kg −1 ). However, the values were higher than a study reported by Seneviratne et al.(2010) where the value was only 5.6 g kg −1 for EPCM. In a study by Landero et al. (2011) , the value for total Ca was higher (8.8 g kg −1 ) and total P was lower (9.8 g kg
) in solvent extracted CM (SECM). The ATTP of P without phytase in our study were higher than some of the published values for ATTD of P without phytase and such values were in between 27% and 33% (Wu et al. 2008; Akinmusire and Adeola 2009; NRC 2012 ). However, current values for ATTD of P were lower than a study reported where the ATTD of P (%) were 52.2 and 68.9 without and with phytase, respectively (Rodríguez et al. 2013) . The reason behind the variability in P digestibility observed among canola seed and CM is due to the percentage of P that is bound to phytate where CM had higher digestibility than canola seed (Selle and Ravindran 2008; Rodríguez et al. 2013) . The minimum ATTD of P in CM in the present experiment (39.76% for BNB) was closer to the percentage of nonphytate P (37%) in the BNB. This observation may be a consequence of release of similar amounts of phytate-bound P in the stomach and small intestine of pigs (Rodríguez et al. 2013 ).
The amount of digestible P was similar between two CM types fed 2500 FTU kg −1 of phytase and digestibility values were not any greater than that of 500 FTU kg −1 .
The ATTD values of P in both BNB and BJY were only numerically higher between 500 and 2500 FTU kg −1 .
This result can be explained with the fact that majority of the phytate P in these CM types would have already been digested by supplementing 500 FTU kg −1 of phytase. Previous studies in weanling and growing pigs showed that increasing levels of phytase at 250, 500, and 750 FTU kg −1 increased coefficient of digestibility of P from 0.5, 0.7, and 0.9 kg −1 of feed in a corn-soy diet (Kies et al. 2006; Poulsen et al. 2010) . Kornegay (2001) reported that only a small additional effect on P digestibility in pigs would be obtained at dose levels exceeding 1500 FTU kg −1 . Overall performance of animal can be improved by including phytase up to 1500 FTU kg
where mainly extra-phosphoric effects take place. No further increase in P digestibility at doses greater than 1000 to 1500 FTU kg −1 of feed was observed in growing pigs (Kornegay and Qian 1996; Yi et al. 1996) . Another factor that would affect phytase activity is pH values of such enzymes. The degradation of phytate P depends upon the pH of phytase, type of phytase, and the gut transition time in animal. The basal EPL determined in this study was close to the value from the previous study (Petersen and Stein 2006) . However, our basal EPL was slightly lower than some of the other studies Widmer et al. 2007; Adhikari et al. 2015; Almeida and Stein 2012) .
The STTD of P without phytase in both the meals were higher than a previous study reported by Akinmusire and Adeola (2009) , where they determined true total tract digestibility (TTTD) of P in CM to be 34%. When diets were supplied with phytase, the values for both ATTD and STTD of P were increased. However, there were minimal differences between ATTD and STTD of P at all levels of phytase supplementation. This shows that there was a minimal underestimation in ATTD values of P in the meals that we used in our study. In our study, supplementation of 2500 FTU kg −1 of phytase increased the STTD of P by 82.5% (average value in BNB and BJY), which is similar to a study by Akinmusire and Adeola (2009) in CM. In the study by Akinmusire and Adeola (2009) , the increment in TTTD of P was by 78% due to supplementation of only 1000 FTU kg −1 phytase. Johnston et al. (2013) reported that the true P digestibility in feedstuffs of plant origin is most likely affected by the ratio of phytate P to total P. In our study, the ratio of phytate P to total P in CM averaged 0.63 and the STTD of P averaged 42%. Our ratio for phytate P to total P was close to the study by Akinmusire and Adeola (2009) , where the respective ratio in soybean meal was 0.55 and their TTTD of P was 0.40. Supplementation of phytase would aid in P digestibility due to hydrolysis of phytate-bound P in the gastrointestinal tract of pigs, which eventually improves the digestibility of P (Selle and Ravindran 2008) . Improvements in ATTD of Ca by phytase supplementation are variable that includes no effect due to the increase in phytase levels. Phytase supplementation in either weanling (Kim et al. 2004; Kies et al. 2006) or growing pigs increased ATTD of Ca when dose increased from minimum of 0 to maximum of 15,000 FTU. We are not aware of any other studies that involved ATTD of P and Ca in CM types such as BNB and BJY. The Ca supplemented in diets in our study was from both CM and limestone. The reason behind the values of ATTD of Ca higher in BJY was that total Ca in BJY was higher than in BNB regardless the similar amount of analyzed Ca in both CM types. As opposed to the planned ratio of Ca:total P as 1.2:1 used while formulating the diets, the analyzed ratios of respective Ca:total P in our diets ranged from 1.04 to 1.13. This observation is in agreement with data indicating that the ATTD for Ca in limestone is not affected by the presence or absence of P in the diet (Adhikari et al. 2015) .
Phytase supplementation at either 500 or 2500 FTU kg
did not affect DM digestibility in canola meals, which is different from a study by Bento et al. (2012) , where supplementation of phytase increased ATTD of DM in weaned pigs fed corn-soy diet. By comparing STTD of P between BNB and BJY, we found that digestibility of BJY was numerically higher than that of BNB in both 500 and 2500 FTU kg −1 phytase. Although there were effects of phytase addition in the diet, any increment beyond 500 FTU did not show a big change. This explains that phytase type used in our study can be added only at 500 FTU (standard dose), and this could be more cost-effective. However, reasons for the inconsistency due to phytase doses might be that different sources of phytase elicit different response, difference in method of diet formulation, and the experiment facility.
Conclusion
New CM type, BJY is similar in the nutrient profile, especially in P compared to conventional BNB. This may increase flexibility in swine feed formulation and the use of canola species grown in Canadian prairie land. Our results concluded that supplementation of phytase at 500 FTU kg −1 improved both ATTD and STTD of P in 2 CM types, but a super dose of 2500 FTU kg −1 had no additional benefit. Also, ATTD of Ca increased when phytase was supplemented at 500 FTU kg −1 without further improvement at 2500 FTU kg −1 .
